Objective To relate the repeat length of the androgenreceptor CAG trinucleotide to the age of onset of prostate cancer, stage and grade of disease. Patients and methods After obtaining ethical approval, 265 patients with locally confined or locally advanced/ metastatic prostate cancer were identified and evaluated for age at diagnosis ( < 65 years and > 75 years). DNA was extracted from peripheral blood lymphocytes and 1 µ g aliquots subjected to polymerase chain reaction using fluorescently labelled primers. Samples were then run on an ABI 377 gene scan analysis gel with an internal molecular weight marker. The length of the CAG repeat was determined by comparing the gene scan product size to samples where the CAG repeat length had been quantified using direct sequencing. The Kruskal-Wallis, Mann-Whitney and Wilcoxon two sample tests were used to analyse the data.
Introduction
Prostate cancer is the most common urological neoplasm diagnosed in men in the USA and Western Europe [1] ; 30-40% of men aged ≈ 50 years are estimated to have histological evidence of cancer of the prostate, increasing to 70-80% of men aged ≥ 80 years [2] . Despite a high prevalence of subclinical prostate cancer in young men (50 years old) only ≈ 8% progress to clinically significant disease requiring treatment [3] . Intriguingly, some men obviously live with histological evidence of prostate cancer for many years and indeed may never manifest clinical symptoms [4] , whilst in others the disease is aggressive, invasive and ultimately life-threatening. The significance of subclinical prostate cancer in men of all ages is at present unclear, nor it is apparent whether men with subclinical disease would benefit from radical surgery to prevent disease progression. If this were the case, there is clearly great potential for reducing death and morbidity from prostate cancer by early intervention. At clinical diagnosis some prostate cancers cannot be cured by surgery and patients are treated with endocrine therapy; 70-80% of such patients respond favourably and disease palliation is achieved for several months or years [5] . However, whichever method of hormonal ablation is chosen, all patients with advanced disease eventually relapse with no effective second-line treatments available. For men with newly diagnosed metastatic prostate cancer, the median survival time is 12-18 months.
The modulation of androgen-regulated genes represents the most important mechanism to date for promoting the growth of prostate cancers. Current hormonal therapies are designed to prevent the activation of androgen-regulated genes by depriving the androgen receptor (AR) of its ligand, and through interference with the transactivation machinery of the receptor protein. The prostate requires androgens for normal glandular function [6, 7] and both prostate cancer growth and therapy is critically dependent on the existence of a functionally normal AR [8] . Clearly changes in the activity or expression of the AR may be important in influencing the onset and severity of disease in patients with prostate cancer. Two polymorphic regions have been identified within the cod-ing region of exon 1 of the AR; both of these regions are trinucleotide repeats (CAG and GGC) and may influence the activity of the AR. There is a reported inverse linear relation between the CAG repeat length and the AR transactivation function [9] . In conditions such as Kennedy's disease, with long CAG repeats ( > 40) the AR shows less transactivation activity [10] , resulting in patients with low virilization and subfertility. Prostate cells with short CAG repeats in the AR gene would therefore have greater sensitivity to proliferative stimulation of androgens, resulting in better conditions for malignant growth [11] . Interestingly, the frequency distribution of human AR CAG repeat length in different races varies with the incidence of prostate cancer [12] . African-Americans, who have the highest reported incidence of prostate cancer, more frequently have shorter CAG repeats than Caucasians and Asian-Americans [12] ; ≈ 75% of Caucasians have 19-25 CAG repeats [13] . An association between short CAG repeats and the early onset of prostate cancer has been reported [14] , although other studies refute any such relationship [15] . The GGC repeat length is also thought to influence susceptibility to prostate adenocarcinoma (normal repeat length 8-17 [12] ). Germ-line mutations in the AR gene may cause variation in the length of the CAG and GGC repeats, altering the individual's susceptibility to prostate cancer. However, somatic mutations might alter the AR activity within the prostate cancer cells and lead to an early escape from hormonal control or a more aggressive disease. Proof of a definite relationship between the CAG and GGC repeat lengths and prostate cancer may help clinicians to identify such young patients with a high risk of aggressive prostate cancer, and thus be able to offer them regular screening and early radical treatment.
The aim of this study was to investigate the correlation between the length of CAG repeats and the age of onset of prostate cancer; we also assessed the relationships between CAG length and prostate cancer stage and grade.
Patients and methods
Patients with histopathological evidence of prostate cancer were identified from prostate cancer clinics in the West of Scotland. In all, 265 men with prostate cancer were recruited and, depending on their age at diagnosis, were divided into two groups, i.e. 155 men with an 'early diagnosis' of prostate cancer aged ≤ 65 years were compared with 110 men with prostate cancer who were ≥ 75 years old at the time of diagnosis. The Gleason score was used to grade the tumours [16] ; a Gleason score of 2-4 was taken as low grade, intermediate as 5-7 and 8-10 as high grade. The TNM classification was used to stage the tumours [17] . Apart from three patients who were of Asian ethnic origin, all patients were Caucasian. Tumour stage, grade and PSA level were recorded at the time of diagnosis for each patient (Table 1) ; the PSA levels were assessed at 3-monthly intervals during the study.
Apart from 38 patients who were being followed by watchful waiting, all patients received some form of treatment, i.e. radical prostatectomy (42), radical radiotherapy (47) and hormonal manipulation for advanced disease either in the form of LHRH analogues or antiandrogens (126) or bilateral orchidectomy (12) .
After obtaining ethical approval and patient consent, a blood sample was withdrawn from the patients. DNA was extracted from the peripheral blood leukocytes [18] and stored at -20 ° C until analysis. The AR polymorphisms were analysed using an automated fluorescent PCR; The 5 ′ primer was fluorescently labelled for detection on an automated DNA analyser. The primer sequence used was:
5 ′ -TCCAGAATCTGTTCCAGAGCGTGC-3 ′ (forward) and 5 ′ -CTTGGGGAGAACCATCCTCA-3 ′ (reverse) [19] .
The PCR conditions were: 95 ° C for 5 min followed by 95 ° C for 1 min, 53 ° C for 1 min and 72 ° C for 2 min, all repeated for 30 cycles, followed by 72 ° C for 20 min and 15 ° C for 10 min. PCR products were analysed using an ABI 377 automated DNA analyser (Perkin Elmer Applied Biosystems Ltd, UK) using Genescan software. The PCR product size range was 270-310 bp. The length of the CAG trinucleotide repeat was determined by comparing the product size to samples where the CAG repeat length had previously been quantified using direct sequencing.
The Kruskal-Wallis, Mann-Whitney and Wilcoxon two sample test were used to analyse the data. 
Results
The mean (range) length of the CAG repeat in the AR was 22.2 (10-31) in the younger and 22.5 (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) in the older group, with an overall mean of 22.3; there was no significant difference between the groups ( P = 0.568; Table 1 ). When CAG repeat lengths in patients with prostate cancer diagnosed when ≤ 55 years old were compared with those of patients diagnosed when ≥ 75 years old, there was again no significant difference, and none between the CAG repeat length and the age of onset of prostate cancer (Fig. 1a) . The mean CAG repeat length for T1 was shorter than that for T4 tumours (Table 1) , but this was not significant ( P = 0.577; Fig. 1b ). Low-grade tumours (Gleason score 2-4) had slightly shorter CAG repeats than high-grade tumours (Gleason score 8-10), but again this was not significant ( P = 0.891; Fig. 1c ).
There was no significant difference with stage or grade for patients with short or long CAG repeats.
Discussion
The PCR technique has been used extensively with good accuracy in molecular biology to enhance and amplify the DNA segment being studied; however, no single protocol is appropriate to all situations. Various problems, including low product yield, presence of nonspecific background bands, formation of 'primer-dimers' competing for amplification, and mutations or heterogeneity caused by misincorporation have been encountered. To minimize the risk of error, various modifications were used in optimizing PCR conditions, sample sequencing and allele typing [20] . The AR CAG repeat length in the DNA extracted from peripheral blood lymphocytes may be different to that within the prostate cancer cells. If so then the difference may be secondary to a mutation induced within the prostate cell AR by the cancer, and be a secondary event. The length of the prostate cancer cell AR CAG repeat will thus have no bearing on the predisposition to prostate cancer. As the aim of the present study was to analyse the correlation between CAG repeat length and this predisposition, the AR CAG repeat length was analysed in the DNA extracted from peripheral blood lymphocytes.
There was no association between the CAG repeat length in exon 1 of the human AR gene and the early onset of prostate cancer. The frequency distribution of CAG trinucleotide repeats was similar for both early-and late-onset prostate cancers (Fig. 1) .
The association of microsatellites in the first exon of the human AR gene (the CAG and GGC repeats) with prostate cancer has been studied extensively [12, 13, [21] [22] [23] . Previous studies [13, 14] reported an increase in the odds ratio for prostate cancer with decreasing CAG trinucleotide repeat length. In the present study there was no significant difference in CAG repeat lengths between the younger and older groups; these results are similar to those reported by Correa-Cerro et al. [24] .
Circulating androgens stimulate the proliferation of most prostate adenocarcinomas and androgen withdrawal is standard therapy for most patients with advanced disease. Eventually the disease becomes androgen-independent and escapes therapeutic control, although the duration of response to androgen withdrawal varies widely. This loss of hormonal dependence is generally caused by the development of less differentiated tumour clones through accumulative genetic abnormalities occurring mainly during cell division [25] . Assuming that prostate cancer cells with short CAG repeats in the AR divide more rapidly, they would be more likely to give rise to androgen-independent cell clones early in the tumour progression. If this were so an association would be expected between short CAG repeats and high-grade prostate adenocarcinoma; such an association was reported by Giovanucci et al. [13] and a similar trend was reported by Bratt et al. [14] . However, the present results showed no such association or trend between short CAG repeats and high grade or stage of the tumour.
The incidence of prostate carcinoma and the length of the CAG repeat has been reported to vary with ethnicity [12, 13] . Men of Asian ethnic origin have long CAG repeats and a low risk of prostate cancer, whereas AfricanAmericans reportedly have short CAG repeats and a high risk of prostate cancer [12, 13] ; Caucasians are intermediate. Correa-Cerro et al. [24] studied the French-German population and found no relationship between the length of the CAG repeats and the stage or risk of prostate cancer; this was contradictory to results in the USA [21] [22] [23] . Correa-Cerro et al. proposed that the mixed ethnicity of the American population was a cause of the relationship between short CAG repeats and high grade and early onset of prostate cancer. However, Bratt et al. [14] evaluated a population from Southern Sweden and reported that a short CAG repeat in the AR correlated with a lower age at diagnosis of sporadic and familial prostate cancer, but not with an increased risk of prostate cancer in general.
In the present patients from the West of Scotland, there was no correlation between the CAG repeat length and the age at diagnosis, or stage and grade of prostate cancer. These results, like those of Correa-Cerro et al. [24] cast doubt on the hypothesis that CAG repeat lengths have an influence on the susceptibility of the AR gene for prostate cancer. In vitro studies show that AR transcriptional activity is influenced by the CAG repeat length [26] , but the significance of this remains unconfirmed in clinical practice.
The present study represents one of the largest cohorts of patients with prostate cancer in whom CAG repeats have been assessed; it seems that the length of the CAG repeat in the AR has little clinical significance in prostate cancer.
